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While automotive electronics is one of the most demanding market sectors as far as the supply of electronic 
components is concerned, it is also one of the most attractive in terms of volume. This is what attracts many 
suppliers of devices based on Ill-VS and related semiconductor materials. In optoelectronics, sensors and mi- 
crowave devices, Hl-VS can provide a unique cost/performance solution to enhance vehicle efficiency, safety 
?? and versatility. 
T he expansion of the market for automotive electron& is conditional on two princi- 
pal factors, namely: 
The year-on-year increased pro- 
duction of vehicles of all types, 
as well as the introduction of 
new types such as electric vehi- 
cles; 
The steady increase in fraction 
of total value pertaining to elec- 
tronie systems. 
There are, of course, other key 
factors that couple with the above 
trends, such as the steady tighten- 
ing of emission regulations and the 
wider move towards an overall re- 
duction in the environmental im- 
pact of vehicles. Improved 
emission control has only been 
possible through the advent of ad- 
vanced electronics sensors and cir- 
cuitry. But electronics also has a 
key role to play in the so-called 
‘product differentiation’ that helps 
to mandate customer choice. For 
example, improved comfort, secu- 
rity and navigation. Electronics is 
also important for improved pas- 
senger safety, through factors such 
as the automatie deployment of 
airbags. 
Price is king 
More than any other application 
market, the automotive electronics 
sector is governed by price-perfor- 
mance factors. The automotive 
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electronics industry is well-known 
for its price sensitivity when sourc- 
ing components of al1 types. 
In many cases, it is only when gov- 
ernment legislation makes no 
alternative possible,‘ that advanced 
solutions are adopted. Even then 
the price is squeezed to the utmost 
to make sure that the total vehicle 
tost remains as competitive as 
possible. 
Moreover, any electronic com- 
ponent has to be as reliable and ro- 
bust as possible with minimal 
impact on cost.This set of criteria 
has made some component suppli- 
ers shy away from the automotive 
market and is why market research 
forecasts seldom fulfil expecta- 
tions.This is no less valid for 111-VS 
based components and has been 
one of the main reasons why the 
market for collision avoidance 
radars, for example, has yet to be- 
come established. Another reason 
is the concern over possible legal 
actions should the equipment fail 
to work as advertised. 
Nonetheless, the penetration of 
electronics has reached several 
percent of the total value of the ve- 
hicle and this is increasing year by 
year. 111-VS components are a key 
part of automotive electronics, al- 
though in total the market remains 
fairly small compared to other sec- 
tors such as mobile telecoms. So 
far, the penetration of the automo- 
tive market by 111-VS components 
has been limited, but it is expected 
Figure 1: Hewlett Packard’s SnapLED technology already in a number of automotive models 
including the Plymouth Prowler (Image courtesy Hewlett-Packard Co.) 
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Figure 2: Companies such as EMCORE are exploring the potential of InSb Ha// sensors In a range of automotwe app/rcat/ons. The InSb mate- 
rials provide a smal/, inexpensive and accurate method of current sensing. (Courtesy of EMCORE Corp). 
to increase.The key areas of appli- 
cation are: 
?? LEDs - brake lights, dashboard 
illumination; 
?? Hall sensors - brakes; 
?? Radar - collision avoidance and 
station-keeping. 
The dominant semiconductor 
components in automotive elec- 
tronies are power semiconductors 
and microcontrollers. Because 
these have to be made under ex- 
treme tost constraints, they are 
usually based on silicon. In general, 
111-VS components are more expen- 
sive than silicon and will, there- 
fore, not be used when cheaper 
alternatives are adequate. 
However, BI-VS have had consider- 
able success when there are no sili- 
con equivalents, as is the case 
optoelectronics and, to a lesser ex- 
tent, sensors and microwave 
devices. 
Another distinguishing charac- 
teristic is that, for the most part, 
111-VS based components are 
presently discrete types - diodes 
and sensors - with very few GaAs 
microwave integrated circuits 
(MMICs) in such systems as vehicu- 
lar radar. 
Opto’s future is bright 
Optoelectronics has become the 
most important area for 111-V auto- 
motive electron&. Having shown 
spectacular advances in other sec- 
tors, manufacturers are bringing 
on-board many types of compo- 
nents to enable unique solutions to 
existing problems and innovate 
new features in a wide range of ve- 
hicles. 
These components are making 
significant contributions to the 
overall complement of electronics 
in modern transport systems both 
on-vehicle and in roadside sig- 
nalling and other parts of the road 
network. They confer many advan- 
tages in sensing, transmission of da- 
ta and presentation of data as wel1 
as vehicle security and control. But 
today, optoelectronics’ key role is 
in illumination functions inside 
and outside the vehicle for such as 
dashboard backlights and rear stop 
lamp repeater lights. 
The LED is probably the most 
popular opto component and over 
the past decade has seen many ad- 
vances in luminous efficiency. Not 
only does this have great import in 
terms of actual brightness, but also 
has enhanced the versatility of the 
robust LED. Many applications de- 
rive most benefìt from running the 
LED at lower power for a given 
brightness. In many respects - life- 
time and visibility - ultra-bright 
LEDs are superior to incandescent 
lamps so manufacturers are replac- 
ing the lamp in car lighting units 
with low power LEDs. 
Key trends in this regard are: 
?? The advent of the competitive 
blue-green/white LED enabling 
true RGB light output; 
?? Availability of chip-type, surface 
mount LEDs for mass produc- 
tion. 
Reliability and lifetime has in 
the past been a problem. The ar- 
rival of longer lasting ultra-reliable 
LED replacements has meant bulb 
replacement has become largely 
unnecessary. In addition, the entire 
dashboard instrument panel, in- 
cluding the high-beam indicator, 
can be illuminated with LEDs to 
last the lifetime of the vehicle with- 
out failure . 
Multi-colour lamps based on 
LEDs have been around for some 
time.These are made up of two or 
three separate emitters in one 
package and so they can provide 
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multiple functions in a single indi- 
cator unit, such as for battery 
charge condition. Recently, howev- 
er, a simpler construction white 
LED has been developed and 
promises to be even more versa- 
tile. Companies such as Nichia, 
Cree Research, Siemens, Hewlett- 
Packard (H-P) and Teledyne are 
producing commercial white LEDs 
for a wide range of applications in- 
cluding backlighting and indicators. 
Any article on automotive opto- 
electronics would be incomplete 
without reference to one of the pi- 
oneers of this technology, H-I? So 
important has automotive elec- 
tronies become for H-P that it has 
recently formed an ‘Automotive 
Solutions Division’ that will con- 
centrate exclusively on providing 
automotive-industry customers 
with tost-effective electronics 
technology. 
H-P has a series of high-light- 
output AlInGaP LEDs in a package 
to aid lighting designers reduce 
the number of LEDs needed to pro- 
vide a given amount of illumina- 
tion and to ensure more uniform 
illumination. The H-P package has 
been developed especially for 
meeting the rigorous reliability re- 
quirements for transportation, ve- 
hicle exterior lighting, outdoor 
signals and illuminated signs. They 
are available in red-orange and am- 
ber, to meet the automotive colour 
requirements of the US Society of 
Automotive Engineers, Economie 
Commission for Europe and Japan 
Industrial Standards. 
Another H-P milestone was the 
introduction of the ‘SnapLED’ as- 
sembly, a product that was the 
automotive industry’s fust cost-ef- 
fective LED tail-lamp technology. H- 
P describes SnapLED as a ‘leapfrog 
technology’, enabling LED lighting 
to penetrate the tail-lamp, stop 
lamp and turn-lamp market, which 
historically have been the exclu- 
sive domain of incandescent bulbs. 
It improves automotive safety and 
reliability while cutting design and 
assembly costs and providing de- 
sign flexibility for automotive man- 
ufacturers. Several 1998 models of 
American cars incorporate H-P 
SnapLED technology in the centre 
high-mount stop lamp: the Ford 
Explorer, Plymouth Prowler 
@gure l), Jaguar XK8, Dodge 
Viper, Chevrolet Corvette and the 
new model WU “Beetle”. 
Mercedes-Benz is one of the 
world leaders in the adoption of 
111-VS in automotive systems. For 
example, to improve visibility on 
the road, LED brake lights have re- 
placed filament lamps in the new 
S-Class saloon. Mercedes says that 
on braking, they light up 150 ms 
faster than conventional bulbs 
thereby making an important con- 
tribution towards avoiding colli- 
sions. The new saloon also has no 
less than 18 LEDs in its indicator 
lamps arranged in the side mirrors 
so that their light can be seen from 
the side as wel1 as from the front. 
Such new design features are made 
possible due to shallow mounting 
of the LEDs. LEDs are also used in 
the dashboard console speedome- 
ter to illuminate the scale section 
by section, and as backlights in the 
radio/Hi-Fi. Mercedes chose LEDs 
not only for their design advan- 
tages but also because compared 
to filament bulbs, they use around 
85% less electricity reducing the 
load on the car’s electrical system. 
Sensors heating up 
Automotive electronics has be- 
come an attractive new market for 
advanced sensors based on com- 
pound semiconductors. Tradition- 
ally, electronic circuitry in vehicles 
relies on having only the sensor in 
contact with the hottest parts of 
the engine with the control circuit- 
ry located remotely where it will 
see much lower ambient tempera- 
tures.This scenario is set to contin- 
ue for another tìve years or more 
until high temperature electronic 
(HTE) ICs reach commercial status. 
Meanwhile, this is an area of con- 
siderable application for discrete 
devices made Erom compound 
semiconductors such as GaAs, 
InAs, InSb, GaN, SiC as well as 
diamond and silicon-on-insulator 
(SW. 
Strategies Unlimited, (Mt View, 
CA, USA) estimates the market for 
SiC-based devices will reach $80 
million by 2000. Unlike silicon, SiC- 
based devices are able to operate 
reliably in environments in excess 
of 150°C eliminating the need for 
remote cabling or cooling systems 
by enabling devices to function in 
the hot areas of a vehicle such as 
the engine compartment, transmis- 
sion or brakes. 
Present commercial HTE sen- 
sors are made from the indium 
compounds, InAs and InSb. Such 
devices are available from a num- 
ber of suppliers such as Asahi 
Chemical in Japan and latterly EM- 
CORE Corp (Somerset, NJ, USA). 
In Europe, Siemens Microelec- 
tronies family of Giant Magneto 
Resistors (GMR) support wider 
gaps and adjustment tolerances, so 
they can be used in a wide range of 
new, innovative applications, par- 
ticularly in vehicles. These new 
GMRs add to Siemens’ already di- 
verse portfolio of magnetic sen- 
sors, which includes InSb magneto 
resistors, GaAs analog linear Hall 
sensors and silicon Hall-ICs. 
Siemens says that the larger airgap 
and increased allowable tolerante 
mean that these devices can be 
used for completely new applica- 
tions including white goods and 
datacoms, as well as automotive. 
For example, the GMRs can be 
used for car seat adjustment, accel- 
erator and steering-wheel position- 
ing; “virtually any application that 
can be measured and evaluated”. 
The high mobility of InSb has 
meant this BI-V semiconductor can 
be made into magneto-resistor de- 
vices for vehicle magnetic posi- 
tion-sensing applications. These 
sensors suit wide temperature 
range applications (-40 to 2OO”C), 
and they can operate in dirty envi- 
ronments where optical sensing is 
impractical (Figure 2). In addition, 
when used with the appropriate 
circuit and physical confìgurations, 
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Figure 3. The Mercedes Benz S-Class makes extensive use of compound semiconductors, 
including indicator lamps, brake lights and, as an optional extra, its ‘Distronic’automotive 
radar sistem (Courtesi of Mercedes Benz). 
their operation is very resistant to 
stray electric OT magnetic fìelds. 
Recently, a thin-film MR was in- 
troduced by the PEGASUS division 
of EMCORE Corp through licens- 
ing with Genera1 Motors Corp. 
These devices, which are mass-pro- 
duced at EMCORE’s own epiwafer 
facility, feature superior sensitivity 
and a wider standard operating 
temperature than silicon Hall ef- 
fect devices. In addition, since InSb 
MRs are majority-carrier devices, 
they are impervious to surface in- 
version effects that can limit sili- 
con Hall sensor performance in 
high electric fields, such as those 
encountered in automotive appli- 
cations. Their resolution equals 
that of metrology-type Hall de- 
vices, made from such narrow-gap 
semiconductors as InAs or InSb, 
while their sensitivity around back- 
ground tìelds of 0.3 T can be as 
much as 40 times higher. 
Anticipating radar 
Even though optoelectronics and 
sensors have become the most sig- 
nificant automotive markets for III- 
VS, automotive radar has always 
held the greater potential reward. 
This is largely because it stands to 
be the tìrst big market for ICs. 
Radar sensors for next-generation 
automotive systems have been de- 
veloped and prototyped by most 
of the large automotive companies 
but have yet to reach any commer- 
cial significante. 
Owing to the ever-present risk 
of litigation in the USA, automotive 
radars have been more conspicu- 
ous in Europe. German companies 
have become leaders in this field 
of automotive electronics. United 
Monolithic Semiconductors be- 
came the tìrst company to provide 
a complete MMIC solution for 
these demanding applications with 
a chipset for application in 76 - 77 
GHz automotive cruise control 
radar systems that was recently 
transferred into full production. 
At present, automotive radar sys- 
tems are only available as optional 
extras in top-of-the range saloons. 
Last October, the new S-Class sa- 
loon car from Mercedes-Benz was 
launched in Europe with the op- 
tion of a “revolutionary automatie 
proximity and speed-control sys- 
tem”. Called ‘Distronic’, the system 
uses a radar module manufactured 
by M/A-Com. Distronic (Pigure 3?) 
uses a sensor to maintain a safe dis- 
tante between the vehicle and the 
car in front of it (up to 150 m). 
Should this distance fall below a 
certain minimum, the Distronic 
cruise control system automatical- 
ly activates the brakes. Then as 
soon as the safe distance has been 
restored, it returns the car to its 
original speed. 
Earlier, automotive radars were 
seen as a very promising market 
application for GaAs-based MMICs. 
This may yet to prove to be the 
case, but not for another three 
years.This is not unexpected given 
the usual timeframe for the cycle 
of introduction for new electronic 
components in automotive elec- 
tronies. Market research company, 
Strategy Analytics (Luton, UK) re- 
cently conducted a study of vehi- 
cie radar systems. Not surprisingly, 
it found that these new systems 
were following the usual 4-6 year 
time frame for product maturity 
(i.e. 5% of the market or millions of 
units per year) shown by anti-lock 
braking (ABS), airbag safety sys- 
tems and similar innovations. 
Future drivers 
111-VS semiconductor based com- 
ponents look set to expand their 
contribution in the automotive 
electronics marketplace. As the in- 
dustry contemplates the chal- 
lenges and opportunities of the 
new century, new on-board and 
raad-side systems will demand the 
very best performance for the 
most competitive tost. Companies 
such as Mercedes-Benz and H-P are 
in the vanguard of innovative sys- 
tems such as automotive radar and 
“drive-by-light” fibre optics. 
Initially, these and other systems 
wil1 require large numbers of dis- 
crete components. In the longer- 
term, equally competitively-priced 
integrated circuits - MMICs and 
even OEICs - wil1 guarantee a size- 
able but stil1 very competitive mar- 
ketplace for 111-VS and other 
advanced semiconductors in 
automotive electronics arena. 
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